Study objective -There is evidence that air pollution in Athens between 1975 and 1987 had adverse short term health effects.
The short term effects of "winter type" air pollution on the daily total number of deaths are investigated for the period 1987-91 as part of the European Community multi centre APHEA project. Design -A temporal study using aggregated data is presented. The associations of the daily time series of three pollutants, sulphur dioxide (SO2), black smoke (BS), and carbon monoxide (CO) and the daily total number of deaths in the Athens area were assessed. Data and methods -The average measurement from three stations was used for each pollutant. The daily number of deaths was recorded from the Athens Town Registry and the registries of the 18 municipalities contiguous to Athens. Data on the mean daily temperature ('C) and relative humidity (%) were also used. Poisson autoregressive models that also allowed for overdispersion were used. Seasonality, other long term patterns, temperature, humidity, day of the week, and holidays were adjusted for. Several a priori defined pollutant transformations and lags were investigated. One day measurements as well as cumulative exposure effects were assessed. Effect modification by season as well as among pollutants was tested. Main results -Linear terms were used for all pollutants. The magnitude of the effect was greater at lags 0 for CO and 1 for BS and SO2 gradually declining after lag 1.
For an increase of 100 pg/m' in SO2 and BS there were corresponding increases (95% CI) of 12% (7%,16%) and 5% (3%, 8%) in the daily total numbers of deaths, while for an increase of 10 igIm3 in CO the increase (95% CI) in the daily total number of deaths was 10% (5%,15%). A significant interaction ofthe effects ofSO2 with season were found. The strongest effect was observed during the winter, when higher levels of SO2 were observed. A stronger effect of SO2 on the daily total number of deaths was observed when the levels of BS were >100 pgIm3. Furthermore, due to the mild climate ofAthens and the hot summers there is evidence of differential effects in relation to season." The analysis presented here is part of the Greek participation in the APHEA project and concerns the effects on health of "winter type" pollutants (black smoke (BS), sulphur dioxide (SO2), and carbon monoxide (CO)) during the most recent 5 year period for which data are available. It therefore assesses the role of long term changes in the air pollution mixture from 1987-91. The analytical methods used follow the common APHEA protocol and have not been applied before to the Athens data. The potential effect modification in relation to season and the interaction between pollutants is also investigated.
Methods

DESIGN
This is a temporal study using aggregated data. This type of study, although ecological, has fewer problems of confounding than other ecological designs based on geographical or other units ofaggregation. Potential confounding factors must vary chronologically, while important causes ofthe outcome studied cannot confound the pollution-mortality association if they remain relatively constant over the study period. Environment'8 were used to control for meteorological potential confounding effects. The mean (SD) temperature for the whole study period was 17-6°C (7a2) and the mean relative humidity 61i7% To adjust for seasonal patterns, cosine and sine terms with periods of 1 year, 6 months, and 4 months were included in the model. Sinusoidal terms with a period oftwo years were also tested but were not included in the final model as they did not contribute significantly to its fit. Long term trends were controlled for by the introduction of dummy variables for each year. Inclusion of one linear term for long term trend (with values of 1 to 1826) resulted in nonsignificant change in the model fit, indicating that in our data there was no systematic increasing or decreasing trend in the number of deaths over the study period. Figure 2 shows the plot of the raw mortality data against time. A strong seasonal pattern is evident with higher daily number of deaths during the winter months. In the figure, the predicted mortality, allowing for seasonal and long term patterns, is also superimposed. Apart from the annual cycles, another less pronounced peak is observed during the summer months (July-August).
The U shaped relationship of temperature and mortality (higher numbers of deaths during very cold or very hot days, but with a steeper slope at higher temperatures) was addressed using a double quadratic function of temperature. Two complementary variables "hot" and "cold", with a changing point at 220C, were constructed for this purpose and their squared values were introduced in the model.' 0 Relative humidity was included in the core model as a linear term, although it was not statistically significant at the nominal level. The temperature and humidity terms chosen were lagged by one day, after testing lags up to 2. Finally, dummy variables indicating days of the week, which contributed marginally to the model fit (p<O-10) were included in the "core" model, while the variable for holidays was dis- Figure 3 shows the plot of the residuals against time after the "core" model has been fitted. There is no evidence of remaining long term trends or cyclical patterns. In this study, confounding was carefully addressed, autoregression was applied to control autocorrelation, and the Poisson models used allowed for overdispersion. Statistically significant effects of the air pollutants studied on mortality were found. Modelling effect modification by season indicated higher effects of SO, during winter. In the present data, interaction among pollutants was investigated for the first time in Athens and there was evidence that the SO2 effects were greater when BS was at higher levels, a result which may also explain the larger SO2 effect observed during the winter when BS levels are higher. This evidence needs further investigation because it is important for taking preventative measures and protecting public health.
In the US studies, adverse effects have been primarily associated with the levels of particles (especially those with an aerodynamic diameter <10t) and not SO2 or CO, while in our study SO2 seemed to be the most important pollutant.
It must be noted that our particle measurement, BS, may not be as relevant for health outcomes as PM,0 However, it is also true that the levels of SO2 in the cities involved in the US studies were lower than those observed in Athens.'0
In conclusion, the analysis presented here strengthens the evidence of a causal association between ambient particle, SO2, or CO levels in the air and the total daily number of deaths and points once more to an important public health issue in Athens.
